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1. Introduction
At the RAN1#40bis (Beijing), RAN1#41 (Athens), and RAN1 adhoc meetings (Sophia Antipolis), most companies proposed OFDM based radio access in the downlink. It is anticipated that OFDM-based radio access will be the most promising scheme in the downlink. This contribution proposes the optimum common pilot channel structure (CPICH) for OFDM based radio access in the Evolved UTRA downlink. 
2. Common Pilot Channel (CPICH) Structures: TDM-based or Staggered-based

We proposed pilot channel structures in the downlink OFDM based radio access that comprise common and dedicated pilot channels [1],[2]. Among these channels, the dedicated pilot channel is a supplementary channel to the CPICH for user-dependent beam transmission such as adaptive beam forming and for user-dependent extreme channel conditions such as extremely high mobility and a large delay spread. Several options for mapping structures are considered for the dedicated pilot channel. The CPICH is commonly used for all physical channels of all sets of UE as a reference signal for the signal level (or SINR: Signal-to-interference plus noise power ratio) measurement and channel estimation etc. Furthermore, it is desirable to use the CPICH to support most environments that satisfy the requirements in the Evolved UTRA. Thus, this contribution investigates the optimum CPICH mapping structure to satisfy the requirements. The CPICH structures are roughly categorized into the TDM-based and staggered types as shown in Figs. 1. In the TDM-base structure, the CPICH is mapped into one OFDM symbol duration. Meanwhile, the CPICH is mapped into several OFDM symbol durations in the staggered based structure. 
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Figure 1 – TDM-based and staggered-based CPICH structures
· Merits in the TDM-based structure (i.e., employing small Nstg value such as 0)

- Short reception duration of CPICH

This is advantageous in measuring the CQI accurately using the full CPICH signal energy within the sub-frame. The feature is beneficial in efficient intermittent reception in the idle mode, since the interval between succeeding discontinuous receptions of CPICH becomes long. 

- Orthogonality of the orthogonal pilot sequences is maintained 

Since all the CPICH symbols are mapped into one OFDM-symbol duration, orthogonality among CPICHs using orthogonal sequences is accurately maintained even under high mobility conditions.

· Merits of staggered –based structure (i.e., employing Nstg larger than 1)

- Good tracking ability for channel variation in high-mobility environment

Since CPICH symbols are mapped into multiple OFDM symbols in the time domain, accurate tracking for fast fading is achieved. 

- Low level of flexibility of transmission power assignment for common pilot

The average transmission power of the CPICH symbols is flexibly changed by increasing the transmission power of the pilot channel or by reducing the transmission powers of other channels multiplexed into the same symbol.

3. Throughput Performance for Shared Data Channel

In this section, we first investigate the optimum CPICH structure from the viewpoint of the achievable throughput performance of the shared data channel employing adaptive modulation and coding (AMC) and hybrid ARQ with packet combining.

3.1. Frame structure and simulation conditions
We assume three CPICH structures as shown in Fig. 2: TDM-based CPICH (Nstg = 0) and staggered CPICH (Nstg = 1 and 2).
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Figure 2 – CPICH structures for evaluation of shared data channel
Table 1 gives the radio parameters assumed in the link-level simulations. We followed the simulation conditions described in [3]. The channel bandwidth is 10 MHz. We employed the following combination of modulation and coding rates in the Turbo code: QPSK with R = 1/8, 1/4, 1/3, and 1/2; 16QAM with R = 1/3, 1/2, and 2/3; and 64QAM with R = 1/2, 3/5, 2/3, 3/4, and 5/6. We set the round trip delay of the hybrid ARQ with packet combining (incremental redundancy) to 6 TTIs (=3 msec).  
Table 1 – Simulation Parameters
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3.2. Channel estimation method 
We employ the optimum channel estimation scheme according to the number of CPICH symbols both in the frequency and time domain according to the channel variation condition for fair comparison. In the first step, the instantaneous channel estimate of each CPICH symbol is weighted by the near optimum weight and interpolated over multiple CPICH symbols in the frequency domain. Figure 3 shows an example of the weights for each CPICH symbol, which differ according to the position of the data symbol both in the frequency and time domains. Then, the averaged channel estimate is further weighted and interpolated in the time domain. 
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Figure 3 – Adaptive weight generation in channel estimation

Figure 4 shows the channel estimation method for the staggered-based structure with Nstg = 1. The parameters Navg-f and Navg-t mean that the CPICH over 2 x Navg-f and 2 x Navg-t  symbols are averaged in the frequency and time domain, respectively. The parameters Navg-f and Navg-t are optimized by the simulation in advance.
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Figure 4 – Channel estimation method for staggered CPICH
3.3. Simulation Results
(1) PER performance

Figures 5(a), 5(b), 5(c), and 5(d) show the average PER performance as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per antenna for QPSK, 16QAM, and 64QAM data modulation with the coding rate of R = 1/2. We also plot the PER performance when performing the interpolation of the channel estimation in the time domain first for staggered-based with Nstg = 2 in the figure for comparison. Figures 5(a) and 5(b) show that there is no distinct difference among the three CPICH structures up to the moving speed of approximately 120 km/h except for staggered-based with Nstg = 2 using frequency-domain interpolation first in 64QAM modulation. In Figs. 5(c) and 5(d), nevertheless, we see that staggered-based with Nstg = 1 exhibits PER performance that is superior to the other structures at the extremely high mobility of approximately over 300 km/h. 
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(a) 30 km/h at 2-GHz carrier frequency
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(b) 120 km/h at 2-GHz carrier frequency
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(c) 300 km/h at 2-GHz carrier frequency
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(d) 350 km/h at 2.6-GHz carrier frequency
Figure 5 – PER performance for three types of CPICH structures

(2) Throughput performance

Figure 6 shows the throughput performance levels employing AMC and Incremental redundancy as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) for the three types of CPICH structures. Figures 6(a), 6(b), 6(c) and 6(d) indicate the throughput performance levels for 30 km/h, 120 km/h, and 300 km/h at the carrier frequency of 2 GHz, and 350 km/h at the carrier frequency of 2.6 GHz, respectively. The throughput values assuming ideal channel estimation are also given in the figures for comparison. First, Fig. 6(a) shows that the Nstg = 0 (TDM-based) achieves the same throughput as that of staggered-based with Nstg = 1. Meanwhile, the throughput with Nstg = 2 is degraded compared to the other two methods in the high average received Es/N0 region. This is caused by the degradation in the tracking ability for the fluctuations in the frequency domain due to the separation of contiguous CPICH sub-carriers is 90 kHz within one OFDM symbol duration. Then, from Fig. 6(b), we see that the tendency at 120 km/h speed is almost identical to that at 30 km/h. In contrast, when the moving speed becomes faster such as 300 km/h as shown in Fig. 6(c), the throughput using the TDM-based scheme is degraded compared to the other two schemes in the received Es/N0 region higher than approximately 12 dB. This is due to the degradation in the tracking ability for fast channel variation in the time domain. The figure also shows that staggered-based with Nstg = 1 achieves the best performance among the three from the tradeoff relationship between the improvement in the channel estimation and the tracking ability in the channel variation in the frequency and time domains. Moreover, in an extremely high mobility environment such as 350 km/h (this seems to be the worst case scenario for mobility in the Evolved UTRA [4]) in Fig. 6(d), we see that the achievable throughput of the TDM-based scheme (Nstg = 0) is significantly degraded when the average received Es/N0 is greater than approximately 5 dB. Even under extremely high mobility conditions, staggered-based with Nstg = 1 exhibits superior throughput performance. 
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(a) 30 km/h at 2-GHz carrier frequency
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(b) 120 km/h at 2-GHz carrier frequency
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(c) 300 km/h at 2-GHz carrier frequency
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(d) 350 km/h at 2.6-GHz carrier frequency

Figure 6 – Throughput performance for three types of CPICH structures

We propose the staggered-based structure with Nstg = 1 from the viewpoint of the throughput performance of the shared data channel. The staggered-based method with Nstg = 1 achieves almost the best throughput performance from low-to- high mobility up to 350 km/h at a 2.6-GHz carrier frequency. We recommend the TDM-based structure (Nstg = 0) as an alternative candidate. The TDM-based CPICH can achieve nearly the best throughput in a typical environment up to the mobility of approximately 120 km/h. However, in an extremely high mobility environment, the additional use of the dedicated pilot channel to increase the pilot channel density is necessary. 

4. PER Performance of Shared Control Channel

4.1. Frame structure and simulation conditions
From the throughput results of the shared data channel, our proposed CPICH structure is staggered-based with Nstg = 1, and TDM-based (Nstg = 0) is the second candidate. In this section, we investigate the PER performance of a shared control channel that conveys L1 and L2 control signaling bits assuming the two structures. We assume the TDM-based shared control channel structure, which is mapped into one OFDM-symbol duration and it is mapped at the beginning of the sub-frame or in the previous sub-frame. This is to decode the information in the shared control channel quickly in order to achieve fast demodulation and decoding of the following shared data channel. We assume two types of shared control channel structures for the respective CPICH structures as shown in Fig. 7: Structure 1 (FDM-based for CPICH) and Structure 2 (TDM-based for CPICH). The data modulation and coding rate are assumed to be QPSK and R = 1/2, respectively.  
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Figure 7 – Common pilot and shared control channels

4.2. Simulation results

Figures 8(a), 8(b), and 8(c) show the average PER performance as a function of the average received Eb/N0 at the moving speed of 30km/h, 120 km/h, and 350 km/h, respectively.  First, Fig. 8(a) shows that the PER performance using Structure 1 for the staggered-based CPICH is degraded compared to the other structure. This is because in Structure 1 for the staggered-based CPICH, the number of CPICH symbols used for channel estimation of the shared control channel is smaller than that of the other structure. However, as shown by the dotted line, the same PER performance is achieved when the CPICH symbols belonging to the previous sub-frame are additionally employed. Accordingly, we see no distinct difference in the PER performance of the shared control channel between the two types of CPICH structures. We can find the same result at the speed of 120 km/h as shown Fig. 8(b). However, at the speed of 350 km/h in Fig. 8(c), different results are observed. More specifically, Configuration 1 (FDM-based) for the TDM-based CPICH achieves the best PER performance among the candidates. Although a slight performance gap is observed for 350 km/h, the difference in the Nstg value is not so significant.

[image: image15.emf]10

-4

10

-3

10

-2

10

-1

10

0

-2 0 2 4 6 8 10 12

Average PER

Average received E

b

/N

0

 (dB)

N

stg

= 0

N

stg

= 1

Config. 1

Config. 2

Config. 1-add

QPSK R = 1/2

f

D

= 55.5 Hz

30 km/h @ 2.0 GHz

[image: image16.emf]10

-4

10

-3

10

-2

10

-1

10

0

-2 0 2 4 6 8 10 12

Average PER

Average received E

b

/N

0

 (dB)

QPSK R = 1/2

f

D

= 222 Hz

120 km/h @ 2.0 GHz

N

stg

= 0

N

stg

= 1

Config. 1

Config. 2

Config. 1-add


(a) 30 km/h at 2-GHz carrier frequency                (b) 120 km/h at 2-GHz carrier frequency
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(c) 350 km/h at 2.6-GHz carrier frequency

Figure 8 – Pilot channels used for multi-beam transmission
Simulation results on PER performance of the shared control channel show the following.

· When TDM-based (Nstg = 0) CPICH is applied, Structure 1 (FDM for CPICH) achieves the best performance at low-to-high mobility up to 350 km/h.

· When staggered-based CPICH with Nstg = 1 is applied, Structure 2 (TDM for CPICH and two OFDM symbols used for channel estimation) achieves good performance at low-to-high mobility up to 350 km/h

· There is no significant difference in the PER performance for the shared control channel between the TDM-based and staggered-based with Nstg = 1.

5. Flexibility to Change Transmission Power of CPICH

The transmission power of the CPICH should be changed according to the target cell radius in a real cellular system, in order to guarantee almost the same CQI at the cell boundary. Therefore, by decimating the pilot symbols in the frequency domain (i.e., pilot symbols are multiplexed with other channels within the same OFDM symbol), the transmission power of the common pilot channel can be flexibly changed while maintaining a constant total transmission power. Figure 9 indicates the PAPR increase in the CPICH symbols when the transmission power of the CPICH is increased two fold. We see that the PAPR increase is small as many CPICH symbols are mapped in the time domain.
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Figure 9 –  PAPR increase for change in transmission power of CPICH

6. Conclusion

We investigated the optimum CPICH mapping structure from the viewpoints of the throughput performance of the shared data channel, the PER performance of the shared control channel, and the flexibility to change the transmission power of CPICH. 

Our proposed CPICH mapping structure is a staggered-based structure with Nstg = 1 (two CPICH symbols per sub-frame) as shown in Fig. 10(a). This structure has the following features.

· Nearly the best throughput for the shared data channel is achieved in low to extremely high mobility environments such as 350 km/h.

· The achievable PER performance of the shared control channel is almost identical to that of the TDM-based structure.

· Flexibility to change transmission power of CPICH.

Furthermore, our second recommendation is the TDM-based structure, in which one CPICH symbol is mapped in a sub-frame as shown in Fig. 10(b).

· Nearly the best throughput for the shared data channel is achieved in a typical environment up to approximately 120 km/h. However, to suppress the degradation in throughput in extremely high mobility environments such as 350 km/h, additional use of the dedicated pilot channel is necessary.

· Advantageous to receive all CPICH power in a short duration for synchronization and CQI measurement by discontinuous signal reception.
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       (a) Preference structure                            (b) Alternative structure

Figure 10 – Proposals of CPICH structure
7. Text Proposal (Section 7.1.1.2.2 in TR25.814)
---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.1.2.2 Downlink pilot structure
In the common pilot channel, the most preferable pilot symbol mapping structure is a staggered-based structure, where two common pilot symbols per sub-frame is employed, as shown in Fig. 1(a). An alternative mapping structure is a TDM-based structure as shown in Fig. 1(b).
[image: image21.emf]TTI

Frequency

Common 

pilot 

channel

Other

channels

TTI

Frequency

Common 

pilot 

channel

Other

channels

             [image: image22.emf]TTI

Common 

pilot 

channel

Other

channels

Frequency

TTI

Common 

pilot 

channel

Other

channels

Frequency


       (a) Preference structure                      (b) Alternative structure
Figure 1 – Common pilot channel structure
--------------------------------- End of Text Proposal  -----------------------------------------------------
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